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DESCRIPTION OF THE INVENTION! 

gross Reference to Related Application 

J001] This patent application claims the benefit of priority from U.S. 
Provisional Application No. 60/255,430 filed on December 15, 2000, the complete 
disclosure of which is incorporated herein by reference. 

Field of the Invention 

[002] The present invention relates to an apparatus and method for 
u simulating and monitoring a respiration pattern of a human. More particularly, the 

O Invention is directed to an apparatus and method for simulating and monitoring a 

lp respiration pattern to assess suffocation risk of products and apparel on children. 

Hf 

u Background of the Invention 

j* [003] Each year, many children lose their lives due to suffocation. One study 

1 J shows that 54% of fatalities to children under the age of fourteen are caused by 

j 3 suffocation. When a child suffers from suffocation, it Is likely to result in a fatal injury 

more than eighteen times than a non-fatal injury. Injuries from suffocation are 
largely categorized into two types: mechanical resistance to a passage of air and 
asphyxia. Both flexible and rigid materials can provide mechanical resistance to an 
air passage of a child. Mechanical resistance is often created when the oropharynx 
and/or the nasopharynx of a child is blocked externally by an object. For example, 
children have been suffocated by plastic bags, inflatable toys, and stacking cups. 
Asphyxia Is suffocation caused by physiological responses to a lack of oxygen and 
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an excess level of carton dioxide in the body. Asphyxia occurs as a consequence 
of suffocation. 

[004] FIG. 1 of the accompanying drawings illustrates an inhalation 
mechanism of a human. During inhalation, the diaphragm in the human body is 
forcefully lowered creating a negative pressure in the lungs. At the same time, air 
enters through the mouth and/or nose to the lungs. The air encounters flow 
resistance In the oropharynx or nasopharynx. 

[005J FIQ. 2 illustrates an exhalation mechanism. During exhalation, the 
diaphragm Is relaxed, creating a positive pressure in the lungs. Simultaneously, air 
in the lungs exits through the mouth and/or nose. The existing air encounters flow 
resistance in the oropharynx or nasopharynx. 

[006] FIG. 3 illustrates a graph of a respiratory cycle of a human. The 
horizontal and vertical axes of the graph indicate time and volume, respectively. A 
respiratory cycle consists of inhalation and exhalation followed by a pause. A 
respiratory frequency / can be determined from the respiratory cycle. The inhalation 
takes place during Inspiratory time T-i , and is represented by a ramp function. The 
exhalation takes place during expiratory time T 2 and is represented by a sine decay 
function. A tidal volume V T indicates a volume of air inhaled and exhaled by a 
human. A respiration pattern consists of one or more of respiratory cycles. Total 
time Ttoifor a respiratory cycle Includes the inspiratory time, expiratory time, and 
pause. 

[007] In the past, some testing has been conducted on products and apparel 
to assess risk of suffocation by children. To accurately assess the suffocation risk, a 



breathing or respiration pattern of a child must be accurately simulated. However, it 
is difficult to accurately simulate a respiration pattern of a child since the pattern 
depends on many factore, such as activities, age, and gender of the child. For 
example, infants usually breathe through their nasal passages. During the crying, 
however, the nasal passage of an infant is often blocked and the infant may breathe 
through the oral cavities. Also, a one-year-old infant may be capable of producing a 
respiratory pressure (intrathoracic pressure) of up to 30 cm H 2 0 for a brief period of 
time. On the other hand, a young child may be able to produce a respiratory 
pressure of 15 cm H 2 0 for an extended period of time. 

[OQBJ Also, a respiration pattern under different levels of occlusion must be 
accurately simulated. When a blockage causes complete occlusion to a child and 
the blockage is not removed, the child will likely to die after two or three minutes. 
When a blockage causes partial occlusion to a child, the child may survive for a 
longer period of time depending on the level of the occlusion, strength, endurance, 
age, and sleep state of the child. In addition, protective mechanisms of a child 
against Suffocation differ based on many factors. 

[009] Consequently, a need exists for an apparatus and method capable of 
accurately simulating and monitoring a respiration pattern of a human, especially an 
infant and a young child, and offering a flexibility to simulate various respiration 
patterns. 

SUMMARY OF THE INVENTION 

[010] In accordance with the invention, an apparatus is provided for 
simulating and monitoring a respiration pattern of a human. The apparatus generally 



includes a reservoir having an outlet, an actuator disposed in the reservoir for 
moving fluid in and out of the reservoir, and a control unit coupled to the actuator for 
controlling the actuator to simulate a respiration pattern of a human. 

[01 1] in another aspect, a method Is provided for simulating and monitoring 
a respiration pattern of a human. The method generally includes steps of generating 
a waveform defining the respiration pattern and controlling an actuator to move fluid 
in and out of a reservoir based on the waveform. 

[012] Advantages of the invention will be set forth in part in the description 
which follows, and in part will be obvious from the description, or may be learned by 
practice of the invention. The advantages of the invention will be realized and 
attained by means of the elements and combinations particularly pointed out in the 
appended claims. 

[01 3] It is to be understood that both the foregoing general description and 
the following detailed description are exemplary and explanatory only and are not 
restrictive of the invention, as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[014] The accompanying drawings, which are incorporated in and constitute 
a part of this specification, illustrate several exemplary embodiments of the invention 
and together with the description, serve to explain the principles of the Invention. 

[01 5] FIG. 1 1s a schematic diagram of a human body illustrating an 
inhalation mechanism; 

[016] FIG. 2 is a schematic diagram of a human body illustrating an 
exhalation mechanism; 



[017] FIG. 3 is a graph illustrating a respiratory cycle of a human; 

[018] FIG. 4 is a schematic diagram of an apparatus for simulating and 
monitoring a respiration pattern of a human according to one embodiment of the 
invention; 

[019] FIG. 5 Is a schematic diagram of a control unit according to one 
embodiment of the Invention; 

[020] FIG. 6 Is a graph showing one exemplary respiration pattern of a 
human; 

[021] FIG. 7 is a chart including respiratory physiology in infants and children 
based on their age; and 

[022] FIG. B Is a schematic diagram of a manikin connected to an apparatus 
according to one embodiment of the invention. 

DESCRIPTION OF THE EMBODIMENTS 

[023] Reference will now be made in detail to the exemplary embodiments of 
the Invention, which are illustrated In the accompanying drawings. Wherever 
possible, the same reference numbers will be used throughout the drawings to 
designate the same or like parts. 

[024] According to the present invention, an apparatus is provided for 
simulating and monitoring a respiration pattern of a human. The apparatus generally 
includes a reservoir having an outlet, an actuator disposed in the reservoir for 
moving fluid in and out of the reservoir, and a control unit coupled to the actuator for 
controlling the actuator to simulate and monitor a respiration pattern of a human. 
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[025] As shown in FIG. 4, an apparatus 10, representing one embodiment of 
the invention, Includes a reservoir 12 having an outlet 14. In the illustrated 
embodiment, the reservoir 12 has a pair of cylinders 16 connected in parallel by a 
first conduit 18. Each of the cylinders 1 6 has the outlet 14 in fluid communication 
with the first conduit 18. The pair of cylinders 16 correspond to lungs in a human 
body. In one exemplary embodiment, the cylinder 16 has a capacity of 1000 rnL In 
order to sufficiently simulate a wide range of a human lung capacity. 

[026] The apparatus 10 also Includes an actuator 20 disposed in the 
reservoir 12 for moving the fluid, such as air, in and out of the reservoir 12. The 
actuator 20 functions as the diaphragm in the human body. In the exemplary 
embodiment shown in FIG. 4, the actuator 20 includes a piston 22 disposed In each 
of the cylinders 16 and the piston 22 in each cylinder is connected a linear actuator 
unit 24. The piston 22 moves the fluid or air In and out of the cylinders 1 6 through 
the outlet 14. The linear actuator unit 24 may be any suitable actuator capable of 
exerting a mechanical force on the pistons 22 based on an electrical signal. 

[0271 in the illustrated embodiment, the apparatus 10 may be provided with a 
valve in fl uid communication with the outlet 14 of the reservoir 20, the first conduit 
18, and a second conduit 26 fluldly coupled with the first conduit 18. As shown in 
FIG. 4, the second conduit 26 is divided into two branch passages 27, 29 at one 
end. The branch passage 27 corresponds to nasopharynx, and the branch passage 
29 corresponds to oropharynx. A first open/close valve 28 is disposed at the end of 
the one passage 27, and a second open/close valve 30 is disposed at the end of the 
other passage 29. The first and second open/closed valves 28, 30 can be adjusted 



to simulate a respiratory pattern of a human for nasaf only, oral only, or nasal plus 
oral breathing. For example, infants usually breathe through their nasal passages. 
Thus, when a respiratory pattern of an infant is simulated by the apparatus 10, the 
first valve 28 may be open and the second valve 30 may be closed, The first and 
second valves 28, 30 can be any type of valve suitable for opening and closing the 
end of the second conduit 26. 

[028] The apparatus 10 may also include a valve In the second conduit 26 to 
provide fluid flow resistance through the second conduit 26. In FIG. 4, for example, 
the apparatus 10 has first and second needle valves 32, 34 In each branch passage 
of the second conduit 26. The first needle valve 32 provides flow resistance at the 
nasopharynx, and the second needle valve 34 provides flow resistance at the 
oropharynx. By adjusting the fluid or air flow through the valves 32, 34, flow 
resistance encountered in the nasopharynx and oropharynx in a human body can be 
simulated. The first and second valves 32, 34 should not be limited to a needle 
valve. Any other type of valve capable of regulating the fluid flow through the branch 
passages 27, 29 can be used. As described above, the first and second open/close 
valves 28, 30 and the first and second needle valves 32, 34 can control a flow rate of 
the fluid through the branch passages 27, 29 to and from the reservoir 1 2. 

[020] In one exemplary embodiment, the apparatus 1 0 may Include a 
pressure transducer 36 in fluid communication with the reservoir 12. As shown in 
FIG. 4, the apparatus 10 has a pair of pressure transducers 36. Each of the 
pressure transducers 36 is in fluid communication with each of the cylinders 16. The 
pressure transducers 36 can sense pressure in each of the cylinders 16 and send an 
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electrical signal corresponding to the sensed pressure in real time. In one 
embodiment, the pressure transducers 36 measure differential pressure between the 
cylinders 16 and the ambient, 

[030] The apparatus 10 also includes a control unit 26 electrically coupled to 
the actuator 20 and the pressure transducers 36 for controlling the actuator 20 to 
simulate a respiration pattern of a human and for monitoring the respiration pattern. 
As Illustrated in FIG. 4. the control unit 26 is electrically coupled to the linear actuator 
24 and the pressure transducers 36. 

[031] FIG. 5 illustrates a schematic diagram of the control unit 26. The 
control unit 26 may be implemented by a hardware unit or by software stored in a 
personal computer or any other suitable platform. In one exemplary embodiment, 
the control unit 26 includes a waveform generation device 38 for generating a 
waveform defining a respiration pattern. The control unit 26 controls the actuator 20 
based on the waveform to simulate a respiration pattern of a human. The waveform 
generation device 38 may be an arbitrary waveform generator capable of creating a 
wide range of waveform signals from certain inputs. The waveforms can be readily 
edited by altering the Inputs. 

[032] In one exemplary embodiment, the inputs to the waveform generator 
device 38 may be variables to create the waveforms. The variables represent 
human respiratory characteristics and Include a total lung capacity, a residual 
volume, a functional residual capacity, a tidal volume, a vital capacity, and any other 
variables suitable for creating a respiration pattern. Some of the variables are 
indicated in a respiration pattern Illustrated in FIG. 6, Exemplary values for the 
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variables are shewn based on an age of the infant or child in FIG. 7. These 
variables represent human respiratory characteristics. 

[033] The variables representing human respiratory characteristics may be 
inputted to simulate a desired respiration pattern. The variables may be entered 
through a user interface, such as a program window on a personal computer, into 
the control unit 26. In another embodiment, the human respiratory characteristics 
are prestored in a memory of the control unit 26. For example, basic respiratory 
characteristics of children, as shown in FIG. 7, may be stored based on their age. 
When a user inputs a desired age of a child, the control unit 26 may create the basic 
respiration pattern of a child at the age. The basic respiration pattern may be altered 
If the user wishes to do so. 

[034] The control unit 26 may also include a data acquisition and control 
module 40 coupled to the waveform generation device 38. The data acquisition and 
control module 40 may be used to monitor and record maximum and minimum peak 
pressures, i.e., positive and negative pressures corresponding to inhalations and 
exhalations. In one embodiment, the control unit 26 may be capable of sampling the 
differential pressure ten times per second. 

[035] The data acquisition and control module 40 is coupled to a linear 
actuator controller 42 for controlling a servo driver 44. The servo driver 44 may 
receive a power supply from a power source 46 and sends a signal to the actuator 
20. Based on the signal, the actuator 20 moves the pistons 22 to simulate a desired 
respiration pattern. 
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[036] In one exemplary embodiment as shown in FIG. 5, the control unit 26 
includes a low pass filter 48 that is electrically coupled to the pressure transducers 
36, Pressure signals from the pressure transducers 36 are fed to the low pass filter 
36. In the low pass filter 36, high frequency signals in the pressure signals are 
removed at a cutoff frequency. The cutoff frequency may be altered. 

[037] As shown in FIG. 5, the control unit 26 may also be coupled to a visual 
display 50. The visual display 50 displays the pressure signals from the pressure 
transducers to monitor the respiratory pattern so that the user can view the 
respiratory pattern. 

[038] The filtered signal from the low pass filter 48 is then fed to the data 
acquisition control module 40 and Into an oscilloscope 52. The oscilloscope 52 
displays variations In a fluctuating electrical quantity of the signal. 

[039] FIG. 6 illustrates the apparatus 1 0 coupled to a manikin according to 
one embodiment of the invention. As shown in FIG. 6, the manikin 54 has an 
internal connection to accommodate the second conduit 26 of the apparatus 10, A 
respiration pattern of a human, especially a child or infant, can be accurately 
simulated and monitored in this matter. 

[040] Other embodiments of the invention will be apparent to those skilled in 
the art from consideration of the specification and practice of the invention disclosed 
herein. It is intended that the specification and examples be considered as 
exemplary only, with a true scope and spirit of the Invention being indicated by the 
following claims. 
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